INTRODUCTION
Dolon settlement is located about 100 km north-east of Semipalatinsk nuclear test site (SNTS), and is well known for receiving heavy exposure from radioactive fallout due to the first nuclear detonation on 29 August 1949. This explosion height was only about 40 m above the ground, and the energy output was equivalent to 22 kilotons of TNT. Incidentally, weather conditions of that day were unfavorable and storm-like. Two hours later, the radioactive cloud reached Dolon and nearby villages. 1, 2) Therefore, centered on Dolon village, the radiological situation of external and internal doses, environmental contamination and body burden of humans has been studied by some investigators. According to Gusev, the population of this small village having an area of ca. 1.4 km 2 was about 1,300 at that time and agriculture was prosperous compared with today. Deriglazov et al. 3) reported that 90% of inhabitants received external effective doses up to 140 rem (1.4 Sv) during the first year. On the base of the data existing there now, there are no doubts about the relatively high radiation dose of the Dolon population, but some discrepancies in dose estimation among investigators for the village have been pointed out. 2, 4, 5) Therefore, further studies are needed. As one of the available methods of retrospective dose reconstruction, there is a model calculation based on the long-lived radionuclide 137 Cs ( T 1/2 = 30.17 y) in soil. Some investigators reported the contamination levels of 90 Sr, 137 Cs and 239, 240 Pu in the area of Dolon settlement. [6] [7] [8] [9] [10] [11] But, the number of samples monitored was too scant to estimate the radiation dose around there. Furthermore, the assessment of plutonium isotopes ( 239,240 Pu and 238 Pu) is also important from the aspect of internal radiation. Such situation encouraged us to investigate in more detail the present situation of radioactive contamination by 137 Cs and Pu isotopes ( 239,240 Pu and 238 Pu). In this paper, we report the current radiological situation at Dolon and its adjoining three villages Mostik, Cheremushka and Budene. Emphasis was placed on (1) reevaluation of accumulated levels and (2) distributions of long-lived radionuclides 137 Cs and Pu isotopes in soil using long core samples up to a depth of 30 and 100 cm, and (3) character-istics of Pu in soil by using sequential leaching, particle size discrimination and α -track methods.
MATERIALS AND METHODS

Soil samples
Soil cores up to a depth of 30 cm were taken at Dolon, Mostik, Cheremushka and Budene settlements during [2002] [2003] (Fig. 1 and Table 1 ). Long cores of 100 cm in depth were also taken to get information on the widest conceivable accumulated levels of radionuclides under various situations (e.g., soil type, human activities, vegetation cover, etc ). At each site, we confirmed latitude and longitude by the global positioning system (GPS). The 30 cm core samples were taken by inserting a stainless steel pipe (4.7 cm in diameter) into the ground. The samples were subdivided into five parts: 0-5, 5-10, 10-15, 15-20 and 20-30 cm. For the 100 cm core samples, a large hole (ca. 1 × 1 × 1 m) was dug in the ground. Along its side, two core samples were taken by using 10 cm long pipes from the surface to 60 cm in depth and 20 cm long pipes from 60 to ca.100 cm in depth. The eight segments were obtained as follows: 0-10, 10-20, 20-30, 30-40, 40-50, 50-60, 60-80 and 80 -ca.100 cm in depth. All samples were air-dried, and sieved through a 2-mm mesh screen to remove pebbles and grasses.
For one surface soil sample (about 50 g, 10 cm in depth) from Dolon village, particle size discrimination was performed simply by dispersing the sample in distilled water and passing the suspension through a set of standard sieves down to 32 µ m in diameter. The suspension passed through the 32 µ m screen was filtered by using a 0.45 µ m pore size filter. The seven fractions obtained were as follows: <0.45, 0.45-32, 32-88, 88-125, 125-250, 250-500 and 500-2,000 µ m. 
Radioactive measurements
Aliquots (70-100 g) of the soil samples dried were packed into a plastic vessel with a diameter of 6 cm and height of 2 cm, and γ-emitting radionuclides such as 137 Cs were determined by γ-ray spectrometry using an ordinary Ge and/or a planar type Ge detector. The spectrometers were calibrated with standards prepared from the New Brunswick Laboratory (NBL) reference materials No. 42-1 (4.04% uranium) and analytical grade KCl.
After γ-ray spectrometry, Pu analysis in soil was carried out using a sequential leaching method to find how the Pu from the local fallout debris was geochemically associated with soil. The 239,240 Pu determination was done for soil samples from sites in which higher levels and/or characteristic depth profiles of 137 Cs were found. Aliquots (30-40 g) of the samples were calcinated at about 500°C overnight and Pu was twice leached with concentrated HNO3 with an addition of a small amount of H2O2 by heating at least for 3-4 hours (soluble fraction). Next, the residue obtained by centrifugation was decomposed with HNO3 + HF + HClO4 (residual fraction). After adding 242 Pu to each fraction as a tracer, Pu was separated and purified using an anion-exchange column method described by Yamamoto et al. 12, 13) The purified Pu was electroplated onto a polished stainless steel disc, and its α-ray activities were determined by α-ray spectrometry. Accuracy and precision of the Pu analytical method used here was tested using some reference materials and shown to be satisfactory within 1-3% error.
An autoradiographic technique using CR-39 plastic α-track detector (BARYOTRAK-P) was applied to check the presence of hot-particles in each soil size fraction obtained by particle size discrimination. The samples (ca. 2 g) from each fraction were suspended with distilled water, and filtered with No. 5A filter paper to make a thin layer of soil. Then, the filter paper was gently dried at ca. 40°C and the detector (2 × 4 cm) was put on the filter paper and fixed with a tape. After standing for ca. 10 days under dark and cool condition, the detector was pre-etched in 6.5 M NaOH solution at 70 ± 1°C for 6 hours. The α-tracks on the detector were observed using a microscope.
RESULTS AND DISCUSSION
Accumulated levels of 137 Cs and 239,240 Pu
The results of 137 Cs and 239,240 Pu measurements for the short (30 cm in depth) and long (100 cm in depth) soil cores are listed in Tables 2 and 3, Pu were undetectable in all the long soil cores examined. The depth profiles of these nuclides depend largely on the sampling site. In fact, according to local inhabitants, the sites chosen for the 100 cm cores at Dolon village have not been disturbed or plowed for a long time. Usually, depth profiles of these nuclides in soil from the undisturbed areas are characterized by exponential decrease with depth. Within the villages, it is mostly the sampling at sample locations that is responsible for the artificial disturbance of soil. Furthermore, it must be kept in mind that prevailing strong wind and rain may promote the removal of surface soil and/or chemical and physical weathering of soil and as a result, deposited radionuclides will be redistributed.
Although there are high uncertainties due to the small surface area collected and the lack of soil sampling down to a sufficient depth at which both nuclides become less than detectable, it is very important to estimate the accumulated levels of 137 Cs and 239,240 Pu at this point of time. Comparison with the inventory (Fig. 2) seems to be more meaningful because activity per unit soil weight varies with a large number of parameters (soil type, topography, water content, mineralogy, rate of soil erosion, rainfall, etc). 2 at Dolon, Mostik, Cheremushka and Budene villages, respectively. As a whole, the inventories of both nuclides show the presence of hotspot-like sites with a random deposition. The accumulated levels for 239, 240 Pu found in Dolon and Cheremushka are clearly higher than those of Mostik and Budene. This seems to reflect the trace of the radioactive cloud from the first atomic bomb.
Until now, current 137 Cs and 239,240 Pu contamination levels on land from the various areas, including some settlements such as Chagan, Sarzhal, Kainar and Karaul 6, 13) and the areas from Semipalatinsk City to Kurchatov City, and to Koresteli settlement north-east of the test site 13) and to the Ust'-Kamenogorsk City located more than 300 km east of the SNTS have been monitored by our missions. 14, 15) The maximum level found in the village of Dolon belongs to the highest group among the inventories of both nuclides obtained at the above-mentioned areas. In the villages of Dolon and Mostik, the high variability of 137 Cs, 90 Sr and 239,240 Pu levels has been reported by some investigators (Table 4) . Although the data obtained here are not greatly 6) It is clear that the deposited Pu around here is, therefore, attributed to the weapons-grade Pu from the atomic bombs. In contrast, the 238 Pu/ 239,240 Pu activity ratios were in the narrow range of 0.03-0.05, which were nearly the same as the values (0.03-0.04) found in global fallout in the northern Hemisphere.
18)
Characteristics of 137 Cs and Pu in soil
To obtain insight into the characteristics of Pu deposited in soil, a stepwise leaching of Pu from soil was examined (Table 3) . For soil contaminated with global fallout from atmospheric weapons tests, Pu has been recognized to be almost quantitatively leached by digesting with conc. HNO3 + H2O2. As can be seen from Table 3 , 15% on average (ranging from 3-50%) is soluble and most Pu remains in the soil residue. These results are almost the same as the results obtained previously. 6) A small portion of Pu found in the soluble fraction may be attributable to the global fallout Pu and loosely bound-local Pu from the SNTS. We do not know whether this soluble Pu fraction becomes mobile or not under these dry environmental conditions. Most of the Pu is also clearly incorporated into various sizes of fused particles formed in the course of the condensation of melting materials such as vaporized soil and bomb materials. This result may elucidate the rather low 239, 240 Pu concentrations that have been found in biota and foodstuffs around the SNTS. 8, 11, 14) The detailed observation of both soluble and residual Pu depth profiles from the undisturbed areas indicates that most of the Pu found below the surface soil layer might be transported predominantly by downward migration of fused small size particles including Pu. The Pu downward in this area is, therefore, predicted to be very low unless soil layers are disturbed. Generally, the Pu percentage in the residual soil fraction shows a tendency to decrease with increasing distance from the SNTS. 15) Furthermore, particle size discrimination was undertaken by using the surface soil (site D24: 10 cm in depth) from Dolon settlement. The particle size dependencies of the distribution of 137 Cs and 239,240 Pu are interesting from the viewpoints of the inhalation of resuspended materials and/or migration processes to deeper soil layer.
The results are shown in Fig. 3 . As seen from this figure, the concentrations of 137 Cs and 239,240 Pu increase apparently with the decrease of soil particle size. There are differences of the both nuclide contents in particle size fractions between >125 µm and <125 µm, that is, concentrations in the 4 fractions of size <125 µm are several times higher than those in the 3 fractions of size >125 µm. 19) also reported the particle size dependence of radionuclides in surface soil samples (0-5 cm) collected in the SNTS territory. The highest concentrations were found in the 400-500 µm fraction for 90 Sr, 137 Cs and 241 Am, and 500-1000 µm fraction for 239, 240 Pu, and the percentage contributions of their contents were the largest in the 500-1000 mm fractions. These results, including our results, indicate that within the test site heavy and larger fused particles including high contents of radionuclides are preferentially deposited, and in the outside, relatively smaller size particles are responsible for the contamination of radionuclides on land.
An autoradiographic technique using the CR-39 plastic α-track detector was also applied to confirm whether hot-particles of Pu were present or absent in the soil. If α-particles are emitted from sub-micron size Pu oxide particles or from a conglomerates of such particles, a "cluster or star" is formed in the detecting media. Although a quantitative analysis, including the chemical form and effective density of the Pu, was not performed this time for each soil fraction, the most striking feature is that a star-like pattern of α-tracks, probably from Pu, was detected clearly as shown in Fig. 4 . These stars were abundant in the fractions smaller than 125 µm. Radionuclides, once deposited on the ground, can be reentrained into the atmosphere by the wind action and/or by anthropogenic disturbances (e.g. agricultural practice and road traffic). 20) Particularly, considering the ground condi-tion such as dryness, sandiness and high wind speed in this area, the findings obtained here will be helpful for evaluating the current and future radiation risks to the people living around here.
Finally it is to note that the data obtained in this study were used recently as a basis for estimating of width and center-axis location of the radioactive plume, in relation to the efforts to reconstruct the radiation dose in Dolon, which was affected by the first USSR atomic bomb test in 1949 at the SNTS.
25)
CONCLUSION
The current radiological situation at Dolon, Mostik, Cheremushka and Budene settlements near the SNTS territory was investigated using the soil core samples up to a depth of 30 and 100 cm. The results are summarized as follows: 
